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 Summary
	 Background:  The	aim	of	 this	work	was	 to	develop	 a	method	of	 volume	determination	utilizing	 the	 grey	 scale	
histogram	of	three-dimensional	(3D)	ultrasonic	(US)	image.	Volumes	are	calculated	as	the	product	of	
single	voxel	volume	and	the	area	of	histogram	peak	representing	investigated	object.	The	proposed	
solution	performance	was	compared	with	two	other	methods.	First	utilizes	two-dimensional	cross-
section	areas	on	subsequent	image	layers	while	the	second	allows	the	volume	determination	on	the	
basis	of	one-dimensional	measurements.
 Material/Methods:  The	3D	US	phantoms	 images	were	used	to	 test	 the	procedure.	The	usefulness	of	 the	method	was	
also	 demonstrated	 on	 several	 clinical	 examples.	 The	ultrasonic	 3D	 images	were	 collected,	 their	
histograms	calculated	and	fitted	with	model	curves	allowing	the	volume	calculations.	The	accuracy	
and	 precision	was	 assessed	 and	 t-test	 was	 used	 for	 evaluating	 performance	 of	 all	 considered	
methods.	
	 Results:	 The	 accuracy	 (understood	 as	 the	difference	between	 real	 and	measured	volume)	 achieved	 in	 the	
proposed	solution	 (3.6%)	was	 the	highest	comparing	 to	alternative	methods	 (5.2%	and	8.4%).	Also	
the	p-value	 (two-tailed	 t-test)	was	better	 in	 the	 case	 of	 the	presented	method.	The	performance	
increase	was	due	to	the	elimination	of	subjective	delineation	of	measured	regions	of	interest.	
	 Conclusions:  The	presented	procedure	can	be	successfully	used	for	volume	assessment	concerning	its	simplicity,	
accuracy	 and	 time	 consumption.	 It	 should	be	 emphasized	 that	 the	new	method	does	not	 require	
image	segmentation,	unlike	other	methods	 in	use.	The	procedure	was	tested	with	3D	US	 imaging	
but	can	be	used	successfully	with	any	3D	imaging	modality.	
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Background
The	 three-dimensional	 (3D)	 imaging	was	 introduced	 into	
the	medical	practice	in	the	last	decade	and	its	clinical	use-
fulness	 is	still	growing	 [1–3].	Volume	determination	seems	
to	 be	 the	 most	 natural	 application	 of	 3D	 imaging	 [1–5].	
Most	 of	 the	 methods	 applied	 for	 volume	 determination	
employ	 the	 object	 delineation	 [6–8].	 Separation	 of	 diffe-
rent	 anatomical	 and	pathological	 structures	 on	 the	ultra-
sonic	(US)	image	(image	segmentation)	is	challenging	in	the	
diagnostic	imaging	even	in	two	dimensions	(2D).	There	are	
no	 fully	 reliable	 automatic	methods	 for	 image	 segmenta-
tion	while	manual	segmentation	is	always	subjective	[1,	4,	
6,	7,	9,	10].
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We	 present	 an	 alternative	 method	 for	 the	 evaluation	 of	
volume,	which	does	not	 require	 object	 segmentation.	The	
proposed	method	utilizes	a	3D	image	histogram.
Materials and methods
Although	 the	 proposed	 method	 can	 be	 applied	 for	 3D	
images	 acquired	 in	 any	 diagnostic	 modality	 (e.g.	 com-
puted	 tomography	 or	magnetic	 resonance	 imaging)	 in	 the	
	presented	 study	 it	was	 limited	 to	 the	3D	US	 images.	Nine	
phantoms	 in	 form	 of	 rubber	 balloons	 filled	 with	 water	
were	 prepared.	 They	 were	 embedded	 in	 kefir	 (curd)	 in	
order	to	simulate	hypoechoic	lesions	within	hepatic	tissue.	
The	Archimedes	 principle	 [4,	 8,	 11]	was	used	 to	 estimate	
the	 true	 volumes	 ranging	 from	 (11.7	±	 0.5)	 cm3	 to	 (91.8	
±	0.6)	cm3.
Several	 clinical	 data	 were	 involved	 to	 demonstrate	 the	
method	 performance	 in	 possible	 clinical	 applications.	
Informed	 consent	was	 obtained	 from	all	 subjects	 prior	 to	
performed	 investigations.	 The	 3D	 images	 of	 1	 liver	 cyst,	
1	 pancreatic	metastasis	 and	3	 colorectal	metastases	were	
analyzed.	 In	 clinical	 examinations	 the	measured	volumes	
were	compared	to	the	results	of	volumetric	measurements	
with	computed	tomography	 (CT)	considered	to	be	 the	best	
method	 to	 estimate	 the	 real	 volumes	 [5,	 12].	CT	 examina-
tion	was	done	with	the	use	of	Siemens	Somatom	Sensation	
10	multislice	 spiral	 unit.	The	 investigations	 taken	 for	 the	
analysis	were	characterised	by	the	slice	thickness	of	2	mm	
reconstructed	every	1.5	mm.	
The	 US	 examinations	 were	 performed	 with	 Hitachi	
EUB-525	unit.	The	device	was	 equipped	with	3D	 imaging	
system	with	magnetic	 positioning	 [3,	4,	7,	8]	 delivered	 by	
Echotech	 3D	 Imaging	 Systems	 (Hallbergmoos,	 Germany).	
Data	 pre-processed	 by	 the	 3D	 imaging	 system	 software	
were	 exported	 as	 a	 series	 of	TIFF	 files.	The	 applied	 soft-
ware	 provided	 calibrated	 3D	 image	 resolution	 allowing	
Figure 2.	 	The	histogram	of	the	3D	image	presented	in	Fig.	1.		
Two	main	maxima	represent	the	investigated	object		
(left	maximum)	and	the	surrounding.	The	whole	histogram	
is	fitted	as	the	sum	of	two	main	components	(A).		
Maxima	representing	the	object	and	surrounding	are		
fitted	as	the	sum	of	Gaussian	series	(B,	C).	The	last		
narrow	peak	is	connected	to	the	artificially	amplified		
phantom	border	behind	the	cystic	object	which	is	one		
of	the	typical	artifacts	in	ultrasonic	imaging.	It	was	classified	
as	the	surrounding.
Figure 1.	 	A	sample	of	the	three-dimensional	image	of	the	phantom	
analyzed	in	the	presented	study.
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quantitative	measurements.	 Data	 exported	 as	 a	 series	 of	
images	were	 then	 imported	 and	processed	by	 the	 graphi-
cal	 workstation.	 DELL	 Precision	 Workstation	 530MT	
equipped	with	two	Intel	Xeon	2.8GHz	processors	and	1GB	
of	RAM	was	used.	Special	software	created	in	our	laborato-
ries	was	used	for	data	import.	Additional	procedures	were	
added	to	the	software	for	volumetric	analysis	described	in	
this	study.	
The	 proposed	 method	 (HistMet)	 of	 volume	 calculation	
described	below	is	based	on	the	3D	image	histogram	which	
is	 a	 dependence	 of	 voxel	 number	 on	 voxel	 grey	 level.	
A	block	 of	 3D	US	 image	 containing	 the	 interested	 objects	
(Fig.	1)	was	cut.	The	image	was	not	filtered	and	it	was	cut	
as	close	to	the	object	borders	as	possible	 in	order	to	mini-
mize	the	block	volume.
Next,	 the	 histogram	 of	 the	 region	 containing	 measured	
object	was	calculated	and	analyzed.	The	method	relies	on	
the	 assumption	 that	 every	 distinguishable	 region	 in	 the	
image	 is	reflected	 in	the	 image	histogram	as	a	maximum.	
The	 peaks	 connected	 to	 different	 regions	 overlap	 in	 all	
cases	 because	 the	 investigated	 object	 and	 the	 surround-
ing	 contain	 voxels	with	 the	 same	 grey	 level.	 In	 cases	 it	
is	 common	 to	 apply	 threshold	 segmentation	but	 the	pro-
posed	method	is	different.	There	is	no	need	to	delineate	the	
investigated	 object,	 and	 it	 is	 not	necessary	 to	 investigate	
where	the	overlapping	voxels	are.	It	is	assumed	that	every	
object	visible	in	the	image	gives	certain	continuous,	peak-
shaped	distribution	in	the	histogram.	The	proposed	metod	
relies	 on	 the	model	 curves	 fitting	 to	 histogram	maximas	
representing	all	objects	visible	in	the	investigated	region.
In	 all	 cases	 a	 single	 hypoechoic	 object	 embedded	 in	 the	
hyperechoic	 environment	was	 observed.	 In	 the	histogram	
it	was	presented	as	two	separate	peaks	(Fig.	2):	first	–	con-
nected	to	the	investigated	object	and	second	–	coming	from	
the	surroundings.	The	opposite	situation	is	also	possible	[5]	
but	was	not	observed	in	the	analysed	data.	
The	area	under	 the	peak	 is	equal	 to	 the	number	of	voxels	
within	 the	 region	 represented	by	 the	maximum;	 therefore	
the	 area	 of	 the	 first	maximum	multiplied	 by	 the	 volume	
of	 single	voxel	 gives	 the	volume	of	 the	object.	 In	order	 to	
calculate	 the	 area	 of	 first	maximum	 the	whole	histogram	
was	fitted	to	model	curve	being	a	sum	of	a	few	Gaussians.	
The	area	of	peak	was	calculated	as	a	sum	of	Gaussian	areas	
contributing	 to	 the	 maximum	 (Fig.	2b).	 Those	 Gaussians	
were	chosen	on	 the	basis	of	 the	 inner	object	 region	histo-
grams	(Fig.	3)	calculated	separately.	
The	 initial	Gaussian	parameters	were	 first	 chosen	manu-
ally	and	then	the	automatic	fitting	procedure	was	applied.	
The	 sum	 of	 square	 differences	 (SSD)	 between	 the	 fit-
ted	 curve	 (the	 sum	 of	 all	 Gaussians)	 and	 the	 experimen-
tal	 data	was	minimized.	 SSD	 is	 a	 parameter	widely	 used	
in	 the	procedures	 aiming	 to	 the	 experimental	 data	 fitting	
[13].	The	amplitude	of	SSD	reflexes	the	fitting	quality	–	the	
smaller	 the	SSD	value,	 the	 closer	 the	model	 curves	 to	 the	
experimental	data.	SSD	was	normalized	by	 the	number	of	
Figure 3.	 	The	histogram	of	the	inner	part	of	the	phantom	showed	
in	Fig.	1.	The	accuracy	of	volume	measurement		
connected	to	the	precision	of	the	fitting	improves	when	
the	number	of	Gaussians	used	for	fitting	rises.	In	case	
of	using	only	one	Gaussian	(A)	the	peak	shape	can	not		
be	described	correctly	as	it	is	asymmetrical.	The	accuracy	
rises	if	three	(B)	or	five	(C)	Gaussians	are	taken	into	
consideration.
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	histogram	points	 and	by	 the	number	of	 image	points	 [13].	
The	 fitting	procedure	was	performed	 iteratively	until	SSD	
amplitude	was	 stable,	what	 took	 several	minutes	 for	 the	
computer	involved	in	the	calculations.	
After	 the	 fitting	 procedure	 was	 complete,	 parameter	
errors	 were	 estimated.	We	 applied	 the	 approach	 typical	
of	minimizing	the	problems	 [13].	The	value	of	every	fitted	
	parameter	was	changed	step	by	step	and	the	SSD	changes	
were	analyzed.	The	value	which	caused	1%	change	of	SSD	
was	 considered	 as	 a	 parameter	 error	 [13].	 Volume	uncer-
tainty	was	estimated	by	error	propagation	associated	with	
parameters	of	 the	model	curves	as	 the	volume	was	calcu-
lated	from	the	fitted	model	curves.	
The	HistMet	method	was	 compared	 to	 two	 other	 volu-
metric	methods	 based	 on	 the	 object	 border	 delineation.	
The	 first	method	 (SurfMet),	 used	very	 often	 in	 practice,	
calculates	 the	 object	 volume	 from	 the	 object	 cross-sec-
tional	areas	measured	on	 subsequent	 layers	 [4,	6,	7,	11].	
The	areas,	multiplied	by	the	 layer	thickness,	were	added	
to	 give	 the	 object	 volume.	 The	 cross-sectional	 areas	
were	defined	manually.	 In	 order	 to	 estimate	 the	method	
uncertainty	 it	was	 assumed	 that	 the	 cross-section	 bor-
der	 defined	manually	 can	 be	 shifted	 by	 one	 pixel.	 The	
approximate	 error	 of	 the	 cross-sectional	 area	 is	 equal	
to	 the	 object	 circumference	multiplied	by	 the	pixel	 size.	
The	error	of	the	estimated	volume	is	calculated	using	the	
errors	 of	 all	 cross-sectional	 areas	 calculated	 on	 subse-
quent	layers.
The	 second	 method	 (2DMet)	 simulates	 the	 process	 of	
	volume	assessment	on	 the	basis	of	 clinical	2D	US.	There	
is	 a	 particular	 object	 shape	 assumed	and	 its	 dimensions	
are	measured	 on	 the	 2D	US	 images.	 The	 volume	 is	 cal-
culated	with	 the	 use	 of	mathematical	 formulas	 for	 the	
specific	 shapes.	 For	 our	measurements	 it	was	 assumed	
that	 the	 objects	 shapes	 can	be	 estimated	by	 an	 ellipsoid	
[11,	14,	15].	The	object	axes	in	three	orthogonal	directions	
were	measured	and	volumes	were	calculated.	Uncertainty	
of	 the	method	was	 calculated	 on	 the	 basis	 of	 errors	 in	
measured	 axes	 lengths,	 assumed	 to	 be	 equal	 to	 double	
pixel	size.	
The	results	obtained	from	all	three	methods	were	compared	
with	 the	 real	 values	 (in	 the	 phantom	 studies)	 or	with	CT	
results	 (clinical	data)	using	two	tailed	t-test	 for	correlated	
samples.	The	precision	 and	 accuracy	 of	 all	measurements	
as	well	 as	 the	mean	precision	 and	 accuracy	 for	 all	 three	
methods	were	calculated.
Results and discussion
The	detailed	results	of	phantom	and	clinical	data	measure-
ments	are	presented	in	Table	1.	The	results	of	t-test	applied	
Table 1.  The	result	of	measurements	for	phantoms	(Ph1-Ph9)	and	clinical	data	(C1-C5)	with	the	proposed	method	(HistMet)	and	two	other	
volumetric	methods	(see	text	for	more	detailed	description).	All	results	are	expressed	in	cm3.
Real volume HistMet SurfMet 2DMet
Ph1 11.7	±	0.5 11.5	±	0.6 12.2	±	1.1 12.3	±	1.4
Ph2 13.2	±	0.5 13.3	±	0.4 13.2	±	1.2 14.1	±	1.5
Ph3 18.3	±	0.5 18.8	±	0.6 19.9	±	1.5 20.4	±	1.9
Ph4 20.2	±	0.5 19.7	±	0.9 20.8	±	1.5 22.2	±	2.0
Ph5 23.2	±	0.6 22.4	±	0.7 23.4	±	1.6 22.5	±	2.0
Ph6 26.3	±	0.6 25.7	±	1.0	 26.4	±	1.7 27.2	±	2.3
Ph7 46.7	±	0.8 47.5	±	4.4 46.6	±	2.8 41.4	±	3.0
Ph8 54.3	±	0.9 55.4	±	5.0 54.9	±	2.4 51.0	±	3.5
Ph9 91.8	±	1.4 89.7	±	3.3 95.0	±	5.1 87.2	±	5.1
C1 0.50	±	0.09 0.51	±	0.04 0.43	±	0.07 0.47	±	0.13
C2 0.62	±	0.07 0.63	±	0.04 0.62	±	0.14 0.63	±	0.15
C3 8.1	±	0.6 8.2	±	0.7 	8.7	±	1.3 6.6	±	1.4
C4 10.8	±	0.8 8.8	±	0.3 12.4	±	1.8 11.1	±	1.6
C5 14.9	±	0.6 16.0	±	0.6 17.0	±	1.6 	18.8	±	1.8
Table 2.  Results	of	t-test	applied	for	performance	assessment		
of	all	discussed	methods.	The	hypothesis	that	the	
measurement	results	and	the	real	volumes	for	phantom	
studies,	or	volumes	measured	with	computed	tomography	
for	clinical	data,	are	significantly	different	was	tested.	
The	obtained	p-values	suggest	that	the	hypothesis	is	
false.	For	details	–	see	the	text.
p-value
Phantom studies Clinical data 
HistMet 0.988 0.970
SurfMet 0.953 0.850
2DMet 0.945 0.908
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for	all	three	methods	are	presented	in	Table	2	while	the	cal-
culated	mean	precisions	and	mean	accuracies	are	given	 in	
Tables	3	and	4.
The	t-test	results	and	accuracy	calculations	confirm	that	the	
presented	method	 is	more	 efficient	 than	 the	 currently	used	
methods	 of	 volume	 determination.	 The	 advantage	 is	 espe-
cially	visible	for	clinical	data	as	the	delineation	of	observed	
object	 is	 difficult	 [4,	5].	The	method	based	on	 the	3D	 image	
histogram	analysis	 is	 characterised	by	higher	 accuracy.	The	
use	of	 automation	 reduces	 the	 subjective	 factor	playing	 the	
main	 role	 in	manual	 object	 segmentation	 [5,	9,	10]	which	 is	
indirectly	involved	in	both	SurfMet	and	2DMet	methods.	On	
the	 other	hand,	 automatic	 segmentation	 is	 problematic	due	
to	the	difficulties	with	low	reliability	of	automatic	segmenta-
tion	procedures	in	the	case	of	diagnostic	images	[5].	
The	worst	 results	were	obtained	 from	 the	volume	measu-
rements	 on	 the	basis	 of	 2D	US	 (the	 lowest	 accuracy).	The	
2DMet	 should	be	 considered	 as	 a	method	 of	 volume	 esti-
mation	rather	than	determination.	Accepting	difficulties	of	
linear	dimensions	measurements	connected	to	the	indirect	
segmentation	the	theoretical	shape	assumption	for	volume	
calculation	precludes	the	accurate	results	[14].
As	expected,	 the	performance	of	all	methods	 is	worst	when	
clinical	data	are	taken	into	consideration.	It	is	more	complica-
ted	to	perform	measurements	in	real	clinical	conditions	than	
in	the	situations	when	conditions	are	well	defined	and	con-
trolled,	 e.g.	 in	 case	of	phantom	 investigations.	This	 obvious	
conclusion	is	in	agreement	with	the	reported	data	[5–8].	
The	method	using	 the	 image	histogram	 for	 volume	deter-
mination	 eliminates	 the	 subjective	manual	 or	not	 reliable	
automatic	 segmentation	procedures.	 It	 is	 especially	useful	
in	 the	 3D	US	 imaging	where	 the	 segmentation	 is	 usually	
difficult	 [4,	5,	9,	10]	 or	 the	 object	 shape	 is	 complicated.	
The	 problem	of	 segmentation	 is	 replaced	by	 other	nume-
rical	problem	–	minimization	 [13].	The	model	 curve	needs	
to	be	 fitted	to	 the	histogram.	The	sum	of	Gaussian	curves	
was	applied	as	it	is	the	most	popular	and	accessible	in	pro-
grams	 used	 for	 data	 analysis.	 On	 the	 other	 hand,	 single	
peak	 in	 the	US	 image	histogram	 is	 asymmetrical	 and	 can	
not	be	fitted	with	single	Gaussian	curve	(Fig.	3).	The	num-
ber	 of	model	 curves	 and	 their	 classification	 is	 disputable.	
As	 shown	 in	Fig.	3,	 the	number	of	Gaussians	 fitted	 to	 the	
peak	determines	the	quality	of	fitting.	The	accuracy	signifi-
cantly	improves	with	the	number	of	used	curves,	what	was	
confirmed	quantitatively	 (Fig.	4).	However,	 the	number	of	
Gaussians	used	 in	 fitting	procedure	 increases	 the	 amount	
of	 time	necessary	 for	 calculations.	 The	 time	 required	 for	
100000	iterations	in	the	minimization	procedure	was	about	
28	s	when	5	Gaussians	were	used	and	about	52	s	in	the	case	
of	 10	Gaussians.	The	dependence	between	 time-consump-
tion	and	number	of	Gaussians	is	linear.	The	number	of	the	
applied	Gaussians	 is	 a	 compromise	 between	 accuracy	 and	
efficiency.	Ten	curves	were	used	 in	all	 cases	as	 this	num-
ber	gave	reasonable	accuracy	and	time	consumption.	It	was	
the	smallest	number	of	Gaussians	enabling	the	match	with	
SSD<1	for	all	investigated	data.
Other	 important	problem	 is	 the	 identification	of	model	 cur-
ves	 contributing	 to	particular	peak	 in	 the	histogram	 (Fig.	2).	
It	 is	 simple	 as	 long	 as	 the	maxima	 representing	 object	 and	
surroundings	 are	well	 separated	but	 that	 is	 not	 always	 the	
case,	 especially	 in	 clinical	 data.	The	problem	was	 solved	by	
fitting	 the	 histogram	 of	 the	 inner	 part	 of	measured	 object.	
Such	approach	allowed	the	identification	of	possible	Gaussian	
positions	when	the	whole	histogram	was	fitted.	The	number	
of	Gaussians	contributing	to	the	peak	representing	the	object	
in	the	image	histogram	can	differ	according	to	different	cases	
depending	on	the	results	of	fitting	procedure.	Usually	four	or	
five	Gaussians	were	used	to	approximate	the	peak	shape.
The	 use	 of	minimization	 instead	 of	 segmentation	 cannot	
eliminate	 the	 subjectivity	 of	measurements	 because	 some	
parameters	used	in	minimization	procedure	have	to	be	set	
by	 the	program	operator	 (e.g.	 the	 level	 on	which	 the	 SSD	
parameter	 is	 stable,	 the	 number	 of	 iterations	 or	 the	 SSD	
variation	level	in	the	procedure	of	uncertainty	assessment).	
The	problem	was	solved	by	setting	the	variable	parameters	
on	the	same	level	for	all	measurements.	
The	accuracy	of	the	method	was	evaluated	on	the	basis	of	
subjective	 parameter	 controlling	 the	 possible	 SSD	 change	
Table 3.  The	mean	precision	(%)	achieved	in	the	discussed	
methods.	For	abbreviations	–	see	the	text.
Phantom studies Clinical data All
HistMet 5.0 6.0 5.3
SurfMet 6.9 15.5 10.0
2DMet 8.6 19.3 12.5
Table 4.  The	mean	accuracy	(%)	of	the	discussed	methods.	For	
abbreviations	–	see	the	text.
Phantom studies Clinical data All 
HistMet 2.2 6.1 3.6
SurfMet 2.4 10.1 5.2
2DMet 6.9 11.0 8.4
Figure 4.	 	The	dependence	between	volume	measurement	accuracy	
and	number	of	Gaussians	used	for	the	image	histogram	fit.	
Calculations	performed	for	phantom	showed	in	Fig.	1.
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caused	 by	 the	 Gaussians	 parameter	 errors	 as	 described	
	earlier.	 The	 precision	 is	 calculated	 subsequently	 by	 the	
error	 propagation.	 The	 SSD	 change	 level	 could	 be	 estab-
lished	 on	 the	 value	 other	 than	 1%.	 There	 is	 no	 objective	
method	 to	calculate	 the	error	minimization	problems	 [13].	
The	order	of	magnitudes	of	calculated	accuracies	and	preci-
sions	in	phantom	studies	are	the	same,	what	suggests	that	
the	choice	was	done	properly.
The	precision	 and	accuracy	of	HistMet	method	depends	 on	
the	 size	 of	 cut	 3D	 image	block	 containing	 the	 investigated	
object.	When	the	block	size	is	bigger,	more	surrounding	tissue	
is	 represented	by	 larger	maximum	which	 strongly	 overlaps	
the	peak	representing	the	object.	This	effect	was	not	investi-
gated	quantitatively	–	instead	it	was	only	minimized	by	cut-
ting	as	small	image	block	as	possible.	Such	approach	limits	as	
well	the	risk	of	including	objects	in	the	3D	field	of	view	other	
than	the	investigated	object	and	surroundings.	In	such	situa-
tion	more	peaks	would	have	been	observed	and	the	analysis	
would	have	been	more	complicated,	yet	possible.
If	 many	 objects	 with	 different	 echogenities	 were	 visible	
in	 the	 region	 of	 interest,	 volumes	 of	 all	 could	 be	measu-
red	 simultaneously,	 which	 would	 undoubtedly	 stand	 for	
an	 advantage.	 In	 such	 case	more	model	 curves	 should	 be	
applied	 to	 fit	 the	 image	histogram.	Another	possibility	 is	 to	
use	other	model	curves	for	fitting	particular	peaks	instead	of	
the	Gaussian	series.	On	the	other	hand,	the	presented	method	
can	fail	in	case	when	there	are	two	or	more	objects	charac-
terised	by	 the	 same	 echogenity	 but	 separated.	 It	would	 be	
possible	to	measure	the	total	volume	of	all	such	objects	but	
the	volume	of	one	particular	could	not	be	measured.
Most	of	the	artefacts	typical	for	US	images	will	be	present	
in	the	image	histogram	as	additional	peaks	or	will	influence	
the	measurements	 results	 in	 some	other	way.	An	example	
is	 shown	 in	 Fig	 2.	 The	 last	 narrow	peak	 is	 connected	 to	
the	 object	 border	 amplification	 (Fig.	 1)	 and	not	proper	US	
machine	settings.	The	quantitative	assessment	of	different	
artefacts	 influence	 on	 the	 results	 requires	 further,	more	
detailed	investigations.
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